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[Title of Invention] 

METHOD FOR EXTRACTING AND REFINING PLASMID DNA 

[Summary] 
[Objective] 

This invention offers a method for refining by extracting a 
highly pure plasmid DNA within a short period of time from either 
a microorganism or cell containing plasmid DNA without having a 
complicated operation. 
[Means of Resolution] 

A method for extracting and refining plasmid DNA that 
consists of the following processes (a) through (c) and uses a 
plasmid DNA extraction refinement reagent kit. 

(a) a pH 3-6 cell dissolving solution containing a 
chaotropic substance, an extraction solution consisting of an 
organic solvent and a nucleic acid bondable solid-phase carrier are 
added, mixed or make contact with either a microorganism or cell 
which holds plasmid DNA. The plasmid DNA is absorbed by a solid- 
phase carrier. 

(b) The solid-phase carrier which had a plasmid DNA absorbed 
during the process (a) is washed by a washing solution. 

(c) A plasmid DNA is then eluted from the solid-phase carrier 
washed during the process (b) using eluent. 

[Claims] 
[Claim 1] 

A method for extracting and refining plasmid DNA that consists 
of the following processes (a) through (c) . 



(a) a pH 3-6 cell dissolving solution containing 
(kaotropic) substance, an extraction solution consisting of an 
organic solvent and a nucleic acid bondable solid-phase carrier are 
added, mixed or make contact with either a microorganism or a cell 
which holds plasmid DNA. The plasmid DNA is absorbed by a solid- 
phase carrier. 

(b) The solid-phase carrier over which has been absorbed a 
plasmid DNA during the process (a) is washed by a washing solution. 

(c) A plasmid DNA is then eluted from the solid-phase carrier 
washed during the process (b) by using eluent. 

[Claim 2] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim 1 wherein either the microorganism or cell which holds 
plasmid DNA is a bacterium. 
[Claim 3] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim l wherein the pH 3 - 6 cell dissolving solution consisting 
of chaotropic substance which contains guanidine thio-cyanate and 
sodium acetate-hydrochloric acid (pH 4.0) . 
[Claim 4] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim l wherein the organic solvent is a water- saturated or 
buffer solution saturated phenol, chloroform or a combination of 
these . 
[Claim 5] 

The method for extracting and refining a plasmid DNA mentioned 



in Claim 1 wherein the nucleic acid bondable solid- phase carrier 
is a carrier containing silica. 
[Claim 6] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim 1 wherein the nucleic acid bondable solid- phase carrier 
is a particle. 
[Claim 7] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim 1 wherein the nucleic acid bondable solid- phase carrier 
is a particle containing a superparamagnetic metal oxide. 
[Claim 8] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim 1 wherein the extracting solution is either water or TB 
buffer. 
[Claim 9] 

The method for extracting and refining a plasmid DNA mentioned 
in Claim 1 wherein the nucleic acid bondable solid- phase carrier 
is a simplex containing a superparamagnetic metal oxide. The 
method also consists of a process for separating the nucleic acid 
bondable solid-phase carrier and liquid-phase by using magnetic 
power . 
[Claim 10] 

A plasmid DNA extraction and refinement reagent kit which 
consists of pH 3 - 6 dissolving solution containing chaotropic 
substance, an extracting solution consisting of an organic solvent, 
a solid-phase carrier for nucleic acid bonding, a washing solution 
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and an eluent. 

[Detailed Explanation of Invention) 
[0001] 

[Field of Industrial Application] 

This invention concerns a method for simply extracting a 
highly pure plasmid DNA from either a microorganism or a cell which 
holds plasmid DNA by using a nucleic acid bondable solid- phase 
carrier and a plasmid DNA extraction and refinement reagent kit for 
use in this method. This reagent kit is also applicable to an 
automatic nucleic acid extracting device. 
[0002] 

[Prior Art Technology] 

The extraction refinement of nucleic acid from an organism 
material, e.g., a cell containing nucleic acid, is an important 
step in the fields of gene technology and clinical diagnosis. For 
example, in a case of analyzing a certain gene, it is necessary to 
extract nucleic acid (e.g., DNA and RNA) from the organism material 
(e.g., cell which holds the gene). In the case of DNA/ RNA 
diagnosis for the detection of a contagious body (e.g., bacterium 
and virus) , detection is also necessary after the nucleic acid of 
bacterium or virus is extracted from the organism material (e.g., 
blood, etc.) DNA or RNA nucleic acid which is commonly contained 
in an organism material does not exist under liberated conditions, 
but exists in the shell, e.g., the membrane and wall of the cell 
which is comprised of protein, lipid and sugar. In most cases, a 
nucleic acid itself is formed of a complex of protein. Therefore, 
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when extracting and refining a nucleic acid from an organism 
material, a nucleic acid is liberated by conducting a physical 
crushing treatment by either supersonic wave or heat, an enzyme 
treatment by protease, and treatment using a surfactant and 
modifier, etc. Nucleic acid must be refined from the crushed 
substance by an extraction operation or by ultracentrifugal 
separation using an organic solvent (e.g., phenol, etc.) and column 
chromatography, etc. using a carrier (e.g., an ion exchanging body, 
etc.) . These methods have been optimumly used for a nucleic acid 
and starting material and also by combining them according to the 
use of the extracted nucleic acid. 
[0003] 

In the past, alkali lytic and boiling means, etc. [Molecular 
Cloning; A Laboratory Manual, 2nd Ed. (Cold Spring Harbor 
Laboratory Press, 1989] have been conducted as the means of 
extraction of plasmid DNA from bacteria which hold plasmid DNA, 
especially, colibacillus. However, these means require a very 
troublesome and complicated process, such as centrifugal 
separation, etc. The inside of the DNA sample extracted by these 
means also contains a considerable amount of RNA and protein, etc. 
which has a harmful influence on subsequent analysis. 
Consequently, in order to obtain a highly pure plasmid DNA, after 
the extraction operation has been conducted, there must be an 
ultrafrugal separation operation (which uses a density gradient by 
cellenium chloride) or a required complicated and lengthy RNA and 
protein removal operation (typically conducted for a ribonuclease 
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digestion and phenol /chloroform extraction) . 
[0004] 

On the other hand, a method for using a hydroxy appetite as a 
nucleic acid bondable solid-phase [Beland, F.A., etc., J. 
Chromatography, 174, 177-186 (1979)] has been known as a method for 
simply extracting plasmid DNA which does not especially require the 
genom DNA and protein removal operation to be conducted. According 
to this method, only a plasmid DNA can be extracted from a 
bacteriolytic solution; RNA and protein are also nearly absorbed by 
hydroxy appetite. Therefore, a mixing in of these can be almost 
completely prevented. However, in this method, there is a 
comparatively high density buffer solution, (e.g., 0 . 3M phosphoric 
acid buffer solution, etc.) Consequently, when using the extracted 
plasmid DNA for analysis of, for example, enzyme restriction 
digestion or sequence, etc., the buffer solution has to be removed 
by dialysis or filtration. Therefore, requires a lengthy operation 
and is a problem. 
[0005] 

There is also a method for using a silica as a nucleic acid 
bondable solid-phase carrier [Japanese Kokai Patent No. H2-289596] 
as a simple means of nucleic acid extraction. This method has the 
following merits. A nucleic acid is extractable from an organism 
material, (e.g., bacteria, etc.) by one stage; a specific operation 
of desalination concentration is unnecessary; and the extracted 
nucleic acid is immediately used for subsequent analysis. However, 
when conducting the extraction of plasmid DNA from bacteria which 



holds plasmid DNA, a genom DNA is also absorbed by silica, the same 
as plasmid DNA. Therefore, a refining operation (e.g., 
ultracentrifugal separation or column chromatography, etc.) is 
unquestionably required in order to extract only a highly pure 
plasmid DNA. 
[0006) 

[Problems Resolving by Invention] 

The objective of this invention is to resolve these prior art 
technological problems. This invention offers a method for 
extracting and refining a highly pure plasmid DNA within a short 
period of time either from a microorganism or cell which hold 
plasmid DNA without requiring a complicated operation. 

[0007] 

[Means for Resolving Problems] 

The inventors have discovered this invention by conducting a 
simple extraction and refinement of plasmid DNA either from 
microorganisms or cells by using a proper cell dissolving solution, 
organic solvent and nucleic acid bondable solid-phase carrier. 

[0008} 

More specifically, this invention is a method for extracting 
and refining plasmid DNA that consists of the following processes 
(a) through (c) and uses a plasmid DNA extraction refinement 
reagent kit. 

(a) A pH 3-6 cell dissolving solution containing a 
(kaotropic) substance, an extraction solution consisting of an 
organic solvent and a nucleic acid bondable solid-phase carrier are 

8 



added, mixed or make contact with either a microorganism or cell 
which holds plasmid DNA. The plasmid DNA is absorbed by a solid- 
phase carrier. 

(b) The solid-phase carrier which had a plasmid DNA absorbed 
during the process (a) is washed by a washing solution. 

(c) A plasmid DNA is then eluted from the solid-phase carrier 
washed during the process (b) using eluent. 

[0009] 

This invention is also a plasmid DNA extraction and refinement 
reagent kit which consists of pH 3 - 6 dissolving solution 
containing chaotropic substance, an extracting solution consisting 
of an organic solvent, a solid-phase carrier for nucleic acid 
bonding, a washing solution and an eluent. 
[0010] 

[Enforcement Mode of Invention] 

This invention's method for extracting and refining plasmid 
DNA is conducted by largely dividing it into the following three 
stages: (a) a dissolving/absorbing process; (b) a washing process; 
and (c) an eluting process. 

[0011] 

In (a) the dissolving/ absorbing process, a cell dissolving 
solution, organic solvent and nucleic bondable solid-phase carrier 
are added, mixed or make contact with the microorganism or cell 
which holds plasmid DNA; the microorganism or cell is dissolved and 
the plasmid DNA is absorbed to the nucleic acid bondable solid- 
phase. 
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[0012] 

The typical microorganism or cell which holds plasmid DNA used 
in this invention is the transformation body of colibacillus. The 
starting material is the transformation body of this colibacillus, 
commonly one which has been cultivated all night by using a 
suitably selected culture ground by a well-known method and 
collected. The plasmid DNA which is the extraction object here is 
one which is used as a vector. Therefore, a cosmid DNA is 
certainly included in the plasmid DNA mentioned here. 
[0013] 

The pH of the cell dissolving solution used in this invention 
is set as pH 3 - 6 by having a buffer solution. This buffer 
solution can be contained before hand in the cell dissolving 
solution and also can be added as the buffer solution after the 
cell has dissolved. There is no particular restriction as to this 
buffer; a commonly used buffer solution can be used. However, one 
which has a buffer ability in the area of pH 3 - 6 is preferred. 
For example, sodium acetate-acitic acid, sodium acetate, 
hydrochloric acid, etc. are used. The preferred use density is 1 - 
500nm, and the pH is preferred to be in the range of 3 - 6 . 
[0014] 

A chaotropic substance is contained in the cell dissolving 
solution used in this invention. There is no particular 
restriction as to the chartropic substance. One which has an 
increasing action of water solubility of hydrophobic molecules and 
is able to contribute to the bonding to the solid phase of the 
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plasmid DNA (e.g., a commonly known chaotropic substance) can be 
used as the chaotropic substance. More specifically, a guanidine 
thiocyanate, guanidine hydrochloric acid, sodium iodide, potassium 
iodide, sodium perchloric acid, etc. are used. A guanidine 
thiocyanate is especially preferable. The density of these 
(kaotropic) substances used differs depending on the type of 
(kaotropic) substance. However, when a guanidine thiocyanate is 
used, it is preferably used in the range of 3 - 5.5M. 
[0015] 

A surfactant can be contained in the cell dissolving solution 
in order to crush the cell membrane or to modify a protein which is 
contained in the cell. There is no particular restriction as to 
the surfactant as long as the one used is for the extraction of 
nucleic acid from the cell, etc. More specifically, a nonionic 
surfactant, (e.g., polyoxy ethylene octyl phenyl ether, polyoxy 
ethylene solbitane monolaurate, polyoxy ethylene solbitane 
monolaurate, etc.); a cationic surfactant, (e.g., dodecyl trimethyl 
ammonium bromide, dodecyl trimethyl ammonium chloride, cetyl 
trimethyl ammonium bromide, etc.); a nonionic surfactant, (e.g., 
dodecyl sodium sulfate, N-lauryl sodium sarcosine, sodium chloric 
acid, etc.); and an ampho surfactant, (e.g., phosphor thidil 
ethanol amine, etc.). Especially preferable is an nonionic 
surfactant, (e.g., polyoxy ethylene octyl phenyl ether, polyoxy 
ethylene solbitane monolaurate, etc.). The density of the 
surfactants differs depending on the surfactant used, but when 
polyoxy ethylene octyl phenyl ether is used, the preferable range 
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is 0.1 - 3%. 
[0016] 

There is no particular restriction as to the organic solvent 
used in this invention as long as it is one which does not obstruct 
the bonding of the solid-phase of plastnid DNA but which does 
obstruct the bonding of the solid-phase of genome DNA. This 
specification is not clear. However, it is felt that the organic 
solvent optimumly decreases the polarity of the liquid phase by 
adding it to a liquid phase. Therefore, it contributes to the 
selectivity of the bonding of the solid-phase of plasmid DNA and 
genome DNA which have different molecular surface polarity. A 
concrete example of the organic solvent used in this invention is 
a water- saturation phenol, buffer solution saturation phenol, 
chroloform, methanol, ethanol, 1-propanol, 2-propanol, l-butanol, 
3 -methyl -l-propanol, acetone, etc. Especially preferable is a 
water- saturation phenol or buffer solution saturation phenol or the 
mixture of saturation phenol and chloroform in proper proportion. 
[0017] 

There is no particular restriction as to the nucleic acid 
bondable solid-phase carrier used in this invention as long as the 
solid-phase absorbs nucleic acid under the presence of chaotropic 
ion. More specifically, one which has a hydrophilic surface able 
to hold. by reversible bonding, e.g., a dioxide silicate. Even more 
specifically, silica is preferably used. The other substance is 
also composed of silica, (e.g., glass, diatomaceous earth, one 
which has its surface treated by chemical modification or a complex 
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of other substances such as superparamagnetic metal oxide, etc.). 

It may be used as long as it is one which does not obstruct the 
reversible bonding of the nucleic acid. There is also no 
particular restriction as to the form of the nucleic acid bondable 
solid-phase carrier, (e.g., grain, filter and reaction container, 
etc.) However, when considering the effectiveness of absorption 
and elution, the grain form is preferable. A grain diameter of 
0.05 - 500um is preferably used. 

[0018] 

These cell dissolving solution, organic solvent and nucleic 
acid bondable solid-phase is either added separately or 
simultaneously. 
[0019] 

The washing process (b) is a process to separate as much as 
possible of only the nucleic acid bondable solid-phase carrier, 
which has absorbed plasmid DNA from the mixture of the cell 
crushing substance, the cell dissolving solution, the organic 
solvent and nucleic bondable solid-phase carrier. At this point, 
washing is preferably repeated one to three times using the washing 
solution. 
[0020] 

A concrete means for separating the nucleic acid solid-phase 
carrier in this invention differs depending on the form of the 
solid-phase used. For example, when using the grain form of 
nucleic acid bondable solid-phase, a centrifugal separation, 
filtration, and a column operation, etc. are preferred. When using 
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one which contains superparamagnetic metal oxide in the grain as 
the solid-phase carrier, a simple means of magnetic separation 
which uses a magnet, etc. is possible and more preferable. 
[0021] 

There is no particular restriction as to the washing solution 
used in this invention, so long as it is one which does not 
accelerate the elution of plasmid DNA from solid-phase but which 
does obstruct the bonding of the solid-phase of genome DNA and 
protein. 

More specifically, a 3 - 5.5M guanidine thiocyanate solution 
and 40 - 100% ethanol are preferred. Best results can be achieved 
by using these washing solutions. More specifically, after it is 
washed with a guanidine thiocyanate solution, it is preferably 
washed with 40% - 100% ethanol. When the cell dissolving solution 
and organic solvent used during the dissolving/absorbing processes 
are used as the washing solution, the removing of genome DNA and 
protein is more effectively conducted. At this point, it is 
preferably washed continuously with 40% - 100% ethanol. 
[0022J 

The eluting process (c) is a process for eluting the DNA from 
the nucleic acid bondable solid-phase carrier which has absorbed 
plasmid DNA. Therefore, there is no particular restriction as to 
the eluent used in this invention, as long as it is one which 
accelerates the elution of the plasmid DNA from solid-phase. More 
specifically, a water or TE buffer [lOmM tris hydrochloric acid 
buffer solution, ImM EDTA, pH8.0] is preferred. The recovered 
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plasmid DNA at this point can be directly used for enzyme reaction 
which has used a restriction enzyme or DNA polymerase, etc. without 
conducting a desalination (e.g., a dialysis and ethanol 
precipitation, etc.) and a concentration operation. 
[0023] 

As explained above, this invention's method for extracting and 
refining plasmid DNA is easily applicable to a plasmid DNA 
extraction refinement kit and a nucleic acid extractor which has 
automated the separation operation and the reagent dividing 
injection operation. This is because the processes of this 
invention are simple. 

[0024] 

[Examples] 

This invention is explained more specifically with reference 
to the accompanying following examples. However, it is not 
restricted only to these following examples. 
Example 1: 

THE EXTRACTION 
OP PLASMID DNA FROM COLIBACILLUS pBR322/HB101 

(1) The preparation of colibacillus pBR322/HB101 

A colibacillus HB101 transformation body (pBR322/HB101) which 

has been transformed by plasmid pBR322 (Toyo Boseki KK) is 

cultivated in 100ml of LB culture ground [10g/l tryptone, 5g/l 

yeast extract, 5g/l sodium chloride (pH7.5)] and cultivated for 15 

hours at a cultivation temperature of 37*C and a vibration speed of 

180 rpm. After the cultivation is finished, the cultivation 

solution is separately injected 1.5ml at a time into a 1.5 ml 
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content microtube . It is then centrifugally separated for one 
minute at 12,000 rpm by a high-speed oligodynamic cooling 
centrifugal separator (MR- 150: Tommy Seiko KK) ; a supernatant is 
removed. The obtained biomass is used as the extraction material. 
[0025] 

(2) Extraction and Refinement of Plasmid DNA 

500ul of cell dissolving solution [4.7M guanidine thiocyanate, 
92mM sodium acetate-hydrochloric acid (pH 4.0), 1.2% polyoxy 
ethylene octyl phnyl ether, 20mM EDTA] are added to the above (1) 
prepared biomass and bacterized. 500ul of TE buffer saturation 
phenol /chroloform (1:1) are continuously added and vigorously 
mixed. 40ul of 0.5g/ml magnetic silica (grain diameter 1 - lOum, 
containing 30% of triiron tetraoxide, specific surface 280m*7g, 
pore capacity 0.025ml/g, surface hole diameter 2 - 6nm: Suzuki 
Yushi KK) suspension solution are added to the result and mixed for 
10 minutes at room temperature. Magnetic silica grains are 
gathered by setting the microtube on a magnetic stand (MPC-M: 
Dainal KK) ; supematent is removed. After the microtube is removed 
from the magnetic stand, 1 ml of washing solution [5.3M guanidine 
thiocyanate, 52mM tris-hydrochloric acid (pH 6.4)] is added and 
sufficiently mixed and placed on the same magnetic stand and the 
supematent is removed. The grain is then washed. In the same 
manner as above, the grain is washed again with 1 ml of washing 
solution and continuously washed twice with 1 ml of 70% ethanol and 
washed once with 100% ethanol. After the supematent is removed, 
a microtube is set on a 55 "C heat block and left for 20 minutes. 
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The ethanol inside of the tube is evaporated and removed. The 
grains are the dried. 100 ul of a sterile solution are added to 
this and mixed for 10 minutes at room temperature. The result is 
then placed on a magnetic stand and magnetic silica grains are 
collected, and a supernatent is recovered. The amount of recovered 
solution was almost 80 ul . 
[0026] 

10 ul of the recovered solution are placed in a (agarose gel) 
cataphoresis . After the result is colored with ethydium bromide, 
it is photographed. The results are shown in Figure 1 (line 3) . 
As is clear from Figure 1 (line 3), the celibacillus genome 
original DNA and RNA mixed in are almost unseen, but the extraction 
and refinement of highly pure plasmid DNA can be seen. In Figure 
1, line l indicates a size marker consisting of PstI digestive 
substance of randafarge (phonetic translation) DNA. Line 2 
indicates a migration pattern of commercially available pBR322DNA. 
Line 3 indicates a migration pattern of pBR322DNA which is 
extracted and refined by Example l»s method. Line 4 indicates a 
migration pattern of the EcoRI digestive substance of commercially 
available pBR 322DNA. Line 5 indicated a migration pattern of the 
EcoRI digestive substance of pBR322DNA which is extracted and 
refined by the Example l's method. 
[0027] 

(3) Restriction Enzyme Digestion of Plasmid DNA 

1 ul of 10 x H buffer [500mM tris -hydrochloric acid (pH 7.5), 
1M sodium chloride, lOOmM magnesium chloride, 10m dithio-threitol] 
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and lU/ul of 1 ul EcoRI (Toyo Boseki KK) are added and mixed in 8ul 
of the recovered solution obtained in (2) and left for 3 hours at 
37 °C. 
[0028] 

The reaction solution is placed on a (agarose gel) 
electrophoresis, colored with (ethidium bromide) and photographed. 
The result is then indicated in Figure 1 (line 5) . The plasmid DNA 
which is extracted and refined by this invention's method can be 
recognized in that it has been completely cut by a restriction 
enzyme EcoRI and is immediately usable for restriction enzyme 
digestion. 
[0029] 
Example 2 : 

EXTRACTION OF PLASMID DNA 
FROM COLIBACILLUS pUC19/JM109 

(1) Preparation of Colibacillus pUC19/JM109 

The transformation body (pUC19/JM109) of colibacillus JM109 

which has transformed by plasmid pUC19 (Toyo Boseki kk) is 

cultivated in 100ml SB culture ground [32g/l tryptone, 20g/l yeast 

extract, 5g/l sodium chloride, 5ml IN NaOH] (pH7.5)] and cultivated 

for 15 hours at a cultivation temperature of 37 °C and a vibration 

speed of 180 rpm. After the cultivation is finished, the 

cultivation solution is separately injected 1.5ml at a time into a 

1.5 ml content microtube. It is then centrifugally separated for 

one minute at 12,000 rpm by a high-speed oligodynamic cooling 

centrifugal separator (MR- 150: Tommy Seiko KK) ; a supernatant is 

removed. The obtained biomass is used as the extraction material. 
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[0030] 

(2) Extraction Refinement of Plasmid DNA 

By using the same method as in Example 1, a plasmid pUC19 DNA 
is extracted and refined from the biomass prepared in (1) . 600 ul 
of cell dissolving solution [5M guanidine thiocyanate, lOOmM sodium 
acetate-hydrochloric acid (pH4.0)] are added to the biomass and 
bacterized. 300 ul TE buffer saturation phenol are continuously 
added and vigorously mixed. 40ul of 0.5g/ml magnetic silica (grain 
diameter l - lOum, containing 30% of triiron tetraoxide, specific 
surface 280m */g, pore capacity 0.025ml/g, surface hole diameter 2 - 
6nm: Suzuki Yushi KK) suspension solution are added to the result 
and mixed for 10 minutes at room temperature. Magnetic silica 
grains are gathered by setting the microtube on a magnetic stand 
(MPC-M: Dainal KK) ; supernatent is removed. After the microtube 
is removed from the magnetic stand, 750 ul cell dissolving solution 
[5M guanidine thiocyanate, lOOmM sodium acetate-hydrochloric acid 
(pH4.0)] andl50 ul TE buffer saturation phenol as the washing 
solution are added, sufficiently mixed and placed on the same 
magnetic stand. The supernatent is removed. The grain is then 
washed. In the same manner as above, the grain is washed again and 
continuously washed twice with 1 ml of 70% ethanol . After the 
supernatent is removed, 100 ul of sterile solution are added to 
this and mixed for 10 minutes at room temperature. The result is 
then placed on a magnetic stand and magnetic silica grains are 
collected, and a supernatent is recovered. The amount of recovered 
solution was almost 100 ul. 
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[0031] 

3 ul of the recovered solution are placed in (agallose gel) 
electrophoresis, colored with (ethydium bromide) and photographed. 
The result is shown in Figure 2 (line 3) . As is clear from Figure 
2 (line 3) , the celibacillus genome original DNA and KNA that are 
mixed in are almost unseen, but the extraction and refinement of a 
highly pure plasmid DNA can be seen. 
[0032] 

(3) Restriction Enzyme Digestion of Plasmid DNA 

In the same manner as in Example 1, 1 ul of 10 x H buffer 
[lOOmM tris-hydrochloric acid (pH 7.5), lOOmM magnesium chloride, 
lOmM dithiothreitol] and lU/ul of lul Kpnl (Toyo Boseki KK) are 
added and mixed in 8ul of the recovered solution obtained in (2) 
and left for 3 hours at 37 "c. The reaction solution is placed in 
agarose gel electrophoresis, colored with ethidium bromide and 
photographed. The result is then indicated in Figure 2 (line 5). 
The plasmid DNA which is extracted and refined by this invention's 
method can be seen in that it has been completely cut by a 
restriction enzyme EcoRI and is immediately usable for restriction 
enzyme digestion. Figure 2, line 1 indicates a molecular weight 
marker consisting of PstI digestive substance of randafarge 
(phonetic translation) DNA. Line 2 indicates a migration pattern 
of commercially available pUC19DNA. Line 3 indicates a migration 
pattern of Kpnl digestive substance of commercially available 
pUC19DNA which is extracted and refined by Example 2's method. 
Line 4 indicates a migration pattern of the Kpnl digestive 
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substance of commercially available pUC19DNA. Line 5 indicates a 
migration pattern of the Kpnl digestive substance of commercially 
available pUCl9DNA which is extracted and refined by Example 2's 
method. 
[0033] 

[Effect of Invention] 

With this invention, a highly pure plasmid DNA is uniquely 
absorbed from a microorganism or cell which holds plasmid DNA by 
using a dissolving solution having a pH 3 - 6 and containing 
chaotropic substance and nucleic acid bondable solid-phase carrier. 
Moreover, a plasmid DNA can be extracted and refined simply and 
within a short period of time without requiring a complicated post- 
treatment operation by using a proper eluent . 

[Simple Explanation of Drawings] 

[Figure 1] 

Photograph in place of a drawing indicates the agarose gel 
electrophoresis pattern of plasmid pBR322DNA which has been 
extracted and refined by this invention's method and its 
restriction enzyme digestive substance. 
[Figure 2] 

Photograph in place of a drawing indicates the agarose gel 
electrophoresis pattern of plasmid pUC19DNA which has been 
extracted and refined by this invention's method and its 
restriction enzyme digestive substance. 
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aEfci o&»u ( c ) jje ( b ) xmtxm 



( 

1 

HftfciBlJ TieiS (a)~(c) ZStsZtiVi 

(a) 7*5X5 HDNASrftJ*t4«4*4«4i»JB 

(b) ±E(a) IgfcTT5XS r-'DNAfcig®?-!*- 

( c ) ±n ( b ) xmzxmLtimmmwfrty. mta 

\xmw.TV rx'bhmm i mwryx $ f d 
NAaais^ffi. 

Ml •> A-SK ( p H 4 . 0 ) £-&trH$3 1 £»W 
5X5HDNA«iai»»a. 

x-h&mm i leaor^x 5 h d n A»aiffis?a. 

[USE 6] SKB-ftttiUfflKtei^ft^TftSEWOT 
1IBRW5X$ FDNAttajllMSfe. 

fe^-^trfi^T-A 1 lemor^x $ k d n am 
aiass. 

1 %m<?)7yx 5 f d n A«tB«s?a. 

7-^$KDNA»aiSI?ffi. 

6 asm *a***6*4»ai»L MK^fflUffl 

lift. ?S>*«fcJ:^aj?5^tf7-7X$HDNA}i6aj 
[000 1) 

[Si*JtoMJ&»»] *«WML T7X5HDNA5r« 

UTT7X5 HDNAfcffl«A»o*IKJ:<«{W4*tt 
5SrA>lfca*afcffl^&fcftW5XS FDNAttitiM 

[00021 
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2 

fl54*«S*»^DNA^RNAkV>ofca»*»aW& 
flcOttJtiOfci^DNA/RNA^KICtiV^Ti, JfitiS 

SDNA^RNAkVWfcKKtts a»Lfc:tlWC*fiE 
i-SWrC&C ft*. tgfr6«|&3*i6 

mLmi>fy'V®te>m£WZBfcix^z. 
au«»aj»tm, $ t> iz\miuitzim<Dmmzmix 

[00 03] 77^S FDNA£RJW*A?-?D7. 

fit^Ba^^r^^s HDNA^ttawi^tfefc lt 

li, T^USSS. [Molecular cloning: A 

Laboratory manual, 2nd ed. (Cold Spring Harbor La 
boratory Press, 1989) ] %b'ifll&kX Off*>*lTS 

feflW^fclOtttBSiifcDNA-tyr^+fcll, -eo 
ftfttWrfc t otJSf t RN A^? yv^^fli^y 

iRNAiJi^w^aiisSftfritioiKB***. 
[0004] yyADNAtJitf^wvjB** 

ito&Lo&Ji&tLX. bh'o^-^r^M hS:^iSfe 
-^ttElffit LT^ffl-TS^ [Beland, F. A. J. C 
40 hronatografy, 174, 177-186(1979) ] tf^ftTUS. 

i-ft o . 3 m y ysga^ t'wit^WsiasosffiJg 
50 -r hzttfjmtz*). gRfaim-ik^ifsmifito 



(3) 
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[00051 mm^wmnami: t-c^u**a 
8»*itfefcaowwfciS6»r * c t at* * t * i 

L*»U Or?* 5 KDN A* 

fiaM-s^-f-ur^r^^ KDNAOttSifcK* 

6. 

[0006] 

yyX 5 V D N A fctiW^T? 
*5KDNA£|I»3rSflHhSHBfc*4£l::ar<. 

[0007] 

5 HDNA^fi^i-SateftifcmillB^^^S H 
DNASffl«t«ias«i!L3iii:*^aJU #2£ B -B 

[0008] -fKfrh. *jMBiT8Iia ( a ) ~~ 
(c) **fc£fc£1«Sfc*47?.X$KDNA0HiaS 

(a) 75*5 HDNAS-Sm-^attftifcBJlB 
fc. ;M-bnt-y7fcR££t»pH3~60>iHB8JB 

fcfctaU »£&*Wi8l*3tf*£fcfcJt9. t£75 

F D N A &B^*±fcift»S-lh ( b ) ±12 
(a) IgfcTT9^5 KDNA*£*3-&fcilffiffl{fc 

^©ffl:± o»»u *o« ( c ) ±IS ( b > mc 

A£i§ti}$tf£. 

[00 0 9] ifc. *»Wi**hou v ^^««** 

DNArtajfiSffiSK-ybtr**. 
[00 10] 

[£$Ogtit!BfR] «BJt;il,77XSHDNA(0i 

a«»*an. ( a ) mm • **ia. (b)&$i 
loom ( a ) mm ■ naisrii, r^-xs hd 



& eara-&ttBWiii***aik mahhwiimmt 

d n a *$i£r^iif^©«$tf6 . 

[ooi2] *wmts»xm»t>ii&y'5x$. hdn 

&mo%£. mm*. ^amm^Liz^xmm 
mmmmLxmm&zn. 

fc. CiTlll|{iJ«^i:=Sr&7*^SKDNA{i. fflgno 

th*).<??-tLxmmztiz>i>ox'hz>. 
i>mtt±tii. 

[0013] *mfc&»xm»hiitimmnimi 

20 iK pH3~6<0&B<0Vvfft^ P Hl;:fcl>T*SffifS 

ilgt LT{il-5 0 0nm. pHB3^-6<0£IB^S 
[0014] *»B|ifc*JV>Tffll^ii4«IBfi»lfiilfc 

tt» 3-5. 5M©iaii:*41dfc«6»t4<036tff4 

[ 0 0 1 5 J i fc. *Hfl&^j¥Rftt=«. 

ji. ^izwmfrhvmm&izmzti&hcox'h 



(4) 
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W7mcr>m* >%Mm®$L *x 7 t t i^x 9 

M&mmm%imi. m^^ti^m^mnzxm 

[0016] *%.W£t>\^xm^t>ilZ>1iW$&t LT 10 
< . irotr/ AD N A<7>©ffl'v?)$£-££ totf £ & 0>T& 

#M&S7'7X$ FDNAfc^VADNAfciHafc<7)|£ 

-;K $ffi*gMn7iy-;K ?oDtvM, y?y- 
;K x;?/-/k i-7'o^v-7k 2-7*0; v-;k l- 20 
79J-)W 3-y^W-l- 7"D;V-;k T-feh>"^* { 

[0017] ^w^zn^xm^ixhw^^WA 

mm. ttfr^&MKteSizxwft-thzttfX'Z 
&®&&m.mtti®m'*>tiimizm£2ti%\\ 

z^tmmizxvimtmztkLfziv)*. m%®& 

wmwttfwm\zmf ^tih*mzm^n 
TcDmm&xvnt^. zotztmito. 05-5 
[0018] *»*fctev^T«. ±iasnJi&?§M8u im 40 
^izmiaLXh^. 

[0019] ( b ) imxmi. mmim. mmrnm 

iflL HW8»* mB&&Wm.ti^4Mltpt>. 7*7 
X 5 V D N A jWR* Lfcl^*l£ttBSffli*<-0»£TO 

%m$M3-z>xmx'h&. mtz. mtmmiL 

[0020] *%tyizmhM®££&m®mw<r>tiM 
(DtzibwM&wtt&tLxii. mm-thmmmom 



v\ $ h\z\t. w?mzmnw&&mmimz<k*ikx 
t>\^h<oimmtixm-fh\f. mmzm» 

[0021] *W?SlciJVYt fflv* ML*»i***fc tx 

\i. @ia*^^7X5HDNA(0^l&ffi3t^-St£7) 
T&<. A^oyyADNA^^WN^»^affi^(^^ 

^ttw&fc^rcMuriifciHjesiiiv^ am/mi* 

3—5. 5M^7-^>^v-r>K^mSVMi4 0 
%~1 0 0%x^y-A*»4t<. ztit>0>$iwmz 

m-tit£*)mxt>&. oio, ^r-y> 
yir&MTifo* uta. $ ty 1 4 0 %~ 1 0 0 
%x?y-^T-^tirr£wmLv\ w>izm 

m£iz ivimthh. zwtz. ^T4o%~io 
o%x?s->vxim-t&<r)tw* U\ 

[0022] ( c ) jgtBlg{i. 7*7X5 FDNA**® 

m itzwm^^mmw^mD n a 

tTJi. @ffl*^07"7X$ YDHACDjmZimt& 

UiTEA-y7 7- [lOmHMIXSK^ffivS. lmH EDT 
A, pH8.0]#$?4U\ iCOh^lHlJRL^r^XSHD 
NAIi. S^x^y-^itKfe^^S. 

m-z\b%<. mwmm^vnAxvty-jfmzma 
l tzmtfL&tzm&m h £ . 

[00 23]±lB<OJ:5fc. *^BJfcJ:S7*7X5 HD 
ft. 7-7X5h'DNA»til«m-7h^ WMWfm 

[0024] 

1 7^®PBR322/HB1 01*^<07*7 



XSKDNAOffltB 

( 1 ) tcBIBp BR3 2 2/HB 1 0 1 <rMU 
7-7X SK P BR322 (mi¥«6»tti? ) T^filSiftS 
^T^BH B 1 0 1 ^S6»«- ( P B R 3 2 2/H B 
101) $-1 OOjtzg/ml^Tyt^Uyt-^OLB 

tgjft [iOg/i bU7"hy. 5g/iSfSxJfx. 

h'J^A (pH7.5)] 1 OOmlCiiU l|f«^aS37 
•C. Jgfcda«180rmp-Cl 5B*fg*g§SU:. 

-y^at, (mr-iso: 
-nxnm izx i2,ooorpm. lfits&'bft&i. ±m 

[0 02 5] (2)7-7X$FDNA?)#iaifiS3 



(5 

7 

±ib < i ) izxmmtt:mmz5 o om i cmmmms. 

mt (pH4.0h l.Z5^'J«yXfl/>^?f;P7x- 
;PX-r;k 20mM EDTA)$:jDi.T^S§^, U^X 5 0 
Oju I OTEK-^r-^sy-^DD*;^ 
(1:1) £J0;t. ^t<S-&Uc. ^tl^ 40 u I 
(00. 5g/m 1 Mfcis*)* (fig . QHK 

ft&fi^BOZ itaffiS 280nVg. «I7U§« 0.025 
ml/g. fSffliHBUtg 2~6r« : &*jgjflll3) S)5iS£& 

^S^U^K (MPC-M : Wi-mM) fcfSSLT 

(pH6.4)] ijBi-r+^fcjs^Ufca. 

l/c. ^ttttT. i m i <ag»»fc-cs*» a?£a 

JfWt 1 m 1 £7)7 0%X?7-/L'T'2[5k 1 0 0 

%3L?;-)ix'\ miLttWftitz. mtmkhtz 

Ox?y-^£M&£U fi7 iftfc 
1 0 0// 1 «0«m*£«aDU SST1 O^HaS^Lfc 

f 00 2 6) IelJR)S05*>01 Oju 1 i7#v-xytV 

L£|g&£Bl (!✓- >3) tc^f. 131 iU->3) 
frMH&jWrJdC. ^M^-VAtii^DNA^RNA 
<0^iA{i^Jt^fc'l.^>i^•r. iSv^T'T^x^ HDN 30 

Ammmziitezttmux-zt. 01+. v-y 
ui. 9a^7t-^'dna<o Psti mwtefrhtch+r 

AX~?~i)—. l/-y2{57&IKOpBR3 2 2DNAc7) 

^->3JiHife0!ii iz^i-amk* dm 

>4 \i^m<Q PBR322DNAC7) EcoRI})Ht%<7)&i& 

>v->. v-y 5 \±m&m 1 tz^rm^i 

m2tl1zpBR3 2 2DNAC0 EctiRmiVtoWtikm^? 

[0027] ( 3 ) y?x$ vDNAcommtmmit 40 

±16 ( 2 ) iZXi%t>tltz®Wm<V0-h8M iiZlulco 
1 0XHA-/7T- [500nM HJX-igR (pH7.5h 1H 
J^b-th'J^A. lOOmM mt^y^^A. lOmMi;^ 
XW ) — . fcltf l;u 1 Ol U/v 1*0 EcoRI 
(3R}¥tS«itI3) £m&D&£U 3 7'C. 3«H3StSt 

[0028] RJ&fc£7#u-xy;Pm^&»fc«U 
Ify^i/DS FSfefef** 53HUgLfct&%£Eai 

3 1 . J: & fcT JftfflfifS? £ tdzrvx 5 K 50 



?$BSH l 9-327290 

8 

DNAli. $JKSS EcoRlfcioT^tiOBrSitTfc 

[00 29) 11^2 *SIBpUC1 9/JM109 
*>^75^ 5 H D N A^jftHJ 
(D^M^PUCI 9/JM1 0 9<D|)^ 

r^u h- P uc 1 9 <mmsisaie) x-mmmzn 

ttMWJ M 1 0 9<0^«!!Smf*: (pUC19/J)I109)£ 1 0 
0/zg/m l<r>rytr^Uy$r^OSB*Stfi [32g/l h 
20g/l S^X^X. Sg/lJUfc^hy^A. 5b 
1 IN NaOH) 1 0 0m 1 fc«8U *Saf}&g3 7X;. *k 

32ii80rpmti seiaeittfc. mm. mm 

)S2rl. 5m ]-fol . 5m 1 ^A ?Z3l-jL-7\Ztt 

at. m&m.<$mm?m (m-m-. h$-nx& 
U) (c-n2,ooorp B , l^HSBKvjMiu ±^^»*-r 

[00 30] (2) T^XiKDNAOtttBSSI 
latMl kH*5r*SfcLT. Jbie ( 1 ) fcTIWLfc 
atfa>^T5.X$KpUCl 9 DNASrfflajfil^t, 

fc. iw:6oo/i i omms&m va&r-vytt 

is7>m. lOOmM BR* h'J^A-JSK (pH4.0)] ^Jd 
^T)t^$-t. 3xWC 3 0 0ju 1 OTEA' 7 77-ffill 
7xy-;P^ni.. »L<S£Lfc. ^fxtc. 4 0x« 1 
(DO. Sg/miafii/!;* (fig l~10^n> . 0=K 
flJBMP 30Z-ir^. it^ffiS 280rf/g, O.025 

WML. SiST-1 O^faig^L-nr. -7>f?o*jz. 
-^J&^H (hPC-M : yA1-)U#M) tZ&ML 

T 7 5 0// 1 (DlHJia^MJS [5M^T->->*^^T> 
». lOOmM KK^hU^A-Jgi! (PH4.0)] 1 1 50^ 

L^a. mmizws*,xf>\:£.i5mix±mt:mk-t& 
ztizx*). mttimtt:. mmiztx. a^ 

^^t. ^V^T 1 m 1 0)7 0%X?/-^T2|2ia^ 
^a^L^:. ±Jf^|^*L^ Ziiiz 1 0 0/i 1 cr>$t 

wzmmLxm&isviin.ttMiito. ±m^mvsLLfz. 

iHURJSatJ^J:^ 100/il X'bit:. 

[0031] wm<r)o*><?>3n i *r^ro-^y«^ 

t&m*m2 (\s->3) iZTfct. 02 (V->3)*» 
^BJ^^l^lc^ ^MK^-VAEteRDNA-^RNAcT) 

[0032] (3)7-7XSHDNAcO$iJ|IS^jmi: 
ISfeM 1 fc miAzLX . ±IB ( 2 ) (CTtl^n/clHliR^ 
C03*>. 8/< 1 fclju 1 CD1 OxLa' 7 7t- [lOOmM 
hVX-tsfig (pH7.5), IOObM Jg-fbV^v^A. lOmM 



(6) 
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5) iz^-t. 02 (v-y5) frt>tyt>fr%Xoiz, * 

4\ ^A^y-^'DNAcT) Pstl )Mft 

fr^^^HM^-;*-. l^-y2l±Tfi)KOpUC 1 9 
DNAOatfrA-^-y. ^->3{iHitP»2tC*t^ 
KJtO»HSllWB*flfcpUCl 9DNA«a»/^- 
>\ !/-y4ttl&JK0>pUC 1 9DNAO Kpnl mVfa 

masmmtitzpuc i 9dna?) K P ni sj-ft^acSi 
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[0033] 

\%ty(V9s&\ *%mz Xtiti. ZUthnVvflMti 

&ts p h # 3 ~ 6 t h mmm t mmsm ®taia# * 

<W Set T7X$KDNA$r^fSfifct 

[HfB0ffi«£i)tigj] 

P BR322DNAfc f ©MW»SfelHMlW)TXfn-X 
[02 ] *IHWKfrSfc: X *)mmzhti7yx$ K 

puc 1 9DKAtzmmmtmm<?>7tfn-xy 



[01] 



[02] 





